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Abstract 
This internship project encompassed my work on the Queensland Longhorned Beetle 

(Acalolepta aesthetica), a newly established pest species on Hawai‘i island. The larvae have 

been documented in cacao, breadfruit, kukui, and various citrus trees. Due to the detrimental 

impact of this pest to both agriculturally and culturally important plant species, understanding 

both the developmental biology and genotypic diversity is crucial. Analysis of mitochondrial 

haplotypes in a subset of the beetle population on Hawai‘i island shows no mitochondrial 

haplotype diversity which supports the theory that the founding population was derived from the 

offspring of one female. Through establishment of both a reporting pipeline as well as a rearing 

colony, we hope to develop effective trapping methods. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3 

TABLE OF CONTENTS 

 

 
Abstract ..................................................................................................................................... 2 

Introduction .............................................................................................................................. 4 

Background ........................................................................................................................... 4 

Purpose of the Professional Internship Project.................................................................... 5 

Statement of Objectives ........................................................................................................ 5 

Professional Development Objectives ............................................................................... 5 

Graduate Student Learning Objectives ............................................................................ 5 

Approach ................................................................................................................................... 6 

Site Description ..................................................................................................................... 6 

Role in the Agency ................................................................................................................. 6 

Methods ................................................................................................................................. 6 

Data Management ................................................................................................................. 7 

Outcomes ................................................................................................................................... 7 

Deliverables ........................................................................................................................... 7 

Discussion ................................................................................................................................ 15 

Literature Cited ...................................................................................................................... 18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 4 

Introduction 

Background 
   The Queensland Longhorn Beetle, Acalolepta aesthetica (QLB; Acalolepta aesthetica [Olliff 

1890]; Coleoptera: Cerambycidae: Lamiinae: Monochamini) is an emerging invasive species of 

concern to the Hawaiian Islands. A. aesthetica is native to Australia and was first collected from 

the Puna district of Hawai‘i island in 2009 (Matsunaga & Chun 2018). A. aesthetica are not 

detrimental to any known plant species in Australia and, therefore, have not been the subject of 

scientific study in their native range. These beetles have adult bodies up to 4.5 cm in length, and 

are polyphagous, meaning they are able to feed on a wide variety of foods. Longhorn beetles 

(Coleoptera: Cerambycidae) are characterized by their long antennae in relation to their body 

size, and can be both ecologically and economically important as beneficial native insects in 

forest systems (Haack & Byler 1993). However, due to the fact that larvae can persist cryptically 

within wooden commodities shipped internationally (e.g., lumber, wooden shipping materials, 

and finished wooden products), there is a high likelihood of cerambycid species being introduced 

into novel habitats (Haack 2006), as seems to have been the case with the introduction of A. 

aesthetica to Hawai‘i.  

      One of the main concerns regarding the A. aesthetica presence in Hawai‘i is the broad range 

of host species that have been documented.  Hosts confirmed in Hawai‘i thus far include 

breadfruit (Artocarpus altilis), kukui (Aleurites moluccanus), queen sago (Cycas circinalis), 

Citrus spp., cacao (Theobroma cacao), mulberry (Morus alba), trumpet tree (Cecropia 

obtusifolia), Norfolk pine cut logs (Araucaria heterophylla), avocado cut logs (Persea 

americana), and kalamungay (Moringa oleifera) (Matsunaga & Chun 2018).  In addition to 

these, larval infestation or adult emergence has been documented in Gunpowder tree (Trema 

orientalis), hibiscus (Hibiscus sp.), and croton (Codiaeum variegatum); however, these would 

need to be confirmed by rearing larvae to adulthood (Matsunaga & Chun 2018).  

    Another area of concern is the ineffectiveness of traditional trapping methods. In a recent 

study using four known cerambycid pheromones in bait traps, no more A. aesthetica were 

captured than in control traps (Collignon et. al. 2019). This is particularly surprising due to the 

generic nature of these compounds in the attraction of other species of lamiines.  

      In addition to the ecology of this species not being well studied, knowledge of their genetics 

is similarly elusive. Mitochondrial and nuclear markers have been used to characterize the 
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invasion biology of other insects, such as the invasive wasp Leptocybe invasa where the species 

was shown to have little genetic diversity within invasive populations (Dittrich-Schröder et al. 

2018). This suggests limited introductions to the areas affected, which we expect to be the case 

for A. aesthetica. In another study, the genetic diversity of the Colorado potato beetle 

(Leptinotarsa decemlineata) was found to have decreased greatly during its expansion to Europe 

from North America (Grapputo et al. 2005). This finding was supported by analysis of 

mitochondrial DNA of individuals from both populations, a method we utilize in the study of  A. 

aesthetica within the Hawai‘i population.  

Purpose of the Professional Internship Project 
     The purpose of my internship project was to characterize the invasion of the Queensland 

Longhorn Beetle, Acalolepta aesthetica, in Hawai‘i. This work supports the mission of the 

United States Department of Agriculture Agricultural Research Service (USDA ARS) to advance 

America towards a more agriculturally secure future through research and information by arming 

local farmers with information regarding this novel pest, allowing them to best protect their 

commodities. 

Statement of Objectives 

Professional Development Objectives 

     As a biological science technician for the USDA, this project allowed me to step outside of 

my normal job duties such as tephritid fly rearing and genetics. It afforded me the opportunity to 

gain an entirely new skill set, including diet optimization, trapping, and insect sexing, all of 

which are skills that I will be able to utilize in my position in the future. Additionally, I was 

given the opportunity to train on varied lab equipment I had not previously used, such as the 

autoclave and log-splitter, both of which will be used extensively in the continuation of this 

project. 

Graduate Student Learning Objectives 

      As a Tropical Conservation Biology and Environmental Science (TCBES) graduate student, 

my goal was to learn to effectively communicate and collaborate with a wide range of 

individuals, from landowners to stakeholders, as well as other agencies. This project provided me 

with the opportunity to do so, as well as allowed me to broaden my general knowledge of beetle 

ecology, wet laboratory methods, and statistical analyses. It also allowed me to participate in 

meaningful science that has a direct positive contribution to Hawai‘i. 
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Approach 

Site Description  
     Research was primarily done at the Daniel K. Inouye Pacific Basin Agricultural Research 

Center in Hilo, Hawai‘i, though fieldwork periodically took place at private properties across 

Puna and Hilo.  

Role in the Agency 
      My role fluctuated between being the primary and secondary technician on this project. My 

duties encompassed both lab work and fieldwork, integrating both molecular and ecological 

methodologies. The USDA ARS provided both the physical resources needed as well as the 

intellectual guidance to allow me to meaningfully participate in this project. 

Methods 
    I utilized a variety of lures and trap types in order to catch adult insects and be able to actively 

assess their distribution, collected larvae from infested wood samples provided by farmers, and 

modified and optimized artificial larvae diet for colony creation. I performed DNA extractions 

from different life stages, as well as sent them out to an external facility for sequencing. These 

sequences allowed us to determine both the similarities and differences found within a 

population and between geographically distinct populations by allowing us to see differences in 

the DNA sequences of individuals at a particular marker of interest. Haplotype diversity is 

dependent on a variety of processes including mutation and recombination, and understanding 

the haplotype diversity of a population provides critical clues as to how genetically similar 

individuals are to one another. 

       The internship project was primarily documented in my USDA lab notebook, in which I 

documented all of my lab work and fieldwork for my various projects as they occurred. This 

allowed me to easily keep track of individual samples, sequencing data, and associated trapping 

data. 

     Genetic sequences were analyzed using the program Geneious, and statistical analyses were 

performed using the programming language R (R Core Team 2013). This data allowed us to 

better understand the genetic diversity of this species in Hawai‘i as well as identify areas of the 

island most at risk of infestation. 
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Data Management 
       Data collected from this project was stored in an official USDA ARS laboratory notebook, 

in a file on Google Drive, and a file on Microsoft Office One Drive shared by the team for this 

project. 

Outcomes 
Deliverables 

Insect Sampling and Husbandry 

      We sourced both Acalolepta aesthetica adults and larvae from traps and infested wood 

donated to USDA Pacific Basin Agricultural Research Center by local farmers. The wood 

consisted of cut sections of logs and branches of mostly Kukui (Aleurites moluccanus), some 

Citrus spp, Trumpet Tree (Cecropia obtusifolia), Tropical Hydrangea (Dombeya x cayeuxii), and 

kalamungay (Moringa oleifera). We used a log splitter to open infested wood sections, making 

any active larvae present in the wood accessible, and then carefully extracted them either by 

hand or using forceps. Once extracted, we measured the head capsule width of the larvae and 

placed them on an artificial diet based on a recipe that was successful in rearing Anoplophora 

glabripennis larvae (Keena 2005). We chose to measure the head capsules of each individual 

upon extraction as well as at each diet change due to Dyar’s Rule, which states that measuring 

head capsule widths of a larva over successive instars results in a predictable “geometric 

progression” (Dyar & Rhinebeck 1890). As we did not know how many instars the larvae of this 

species go through to reach maturity, we wanted to be able to determine the frequency of head 

capsule widths we encountered, allowing us a general idea of how many instars occurred and 

over what range of sizes. Though my statistical analysis is still ongoing, our preliminary results 

indicate the presence of multiple peaks in our data, alluding to the presence of distinct instars 

(Fig. 1). Depending on the initial head capsule width as well as larval size, we added the larvae 

to diet in appropriately sized glass Uline jars. Uline jar lids were lined with Whatman filter paper 

to allow airflow while keeping contaminants out of the diet. Older (large) larvae were kept in 

236.59 milliliter jars, while younger (smaller) larvae were placed in 59.15 milliliter and 118.29 

milliliter jars. We moved larvae to larger jars every other diet change, which was approximately 

once a month. This was done to ensure the larvae had an adequate amount of fresh diet regularly. 
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Figure 1. Histogram of Queensland Longhorn Beetle Larvae Head Capsule Measurements (in mm). The histogram 
is not representative of growth over time, but the frequency of which QLB larvae at different instars were 
encountered. 
 

      Colony larvae were checked weekly by multiple technicians. The status of the larvae, along 

with the batch they were a part of, tree they were sourced from, extraction dates, and their life 

stages were tracked in a spreadsheet as well as established on the label of each jar. In addition, 

we also recorded the type of diet they were placed on, as two different salt additives were used 

over the course of the experiment.  

       In order to determine the health of the larvae, they were observed daily. Larvae that 

responded to external stimuli and actively ate were considered live and developing properly. We 

were able to determine if they were actively eating through the presence of galleries through the 

diet. Larvae that did not respond to external stimuli were retained for a week before being 

discarded from the colony and preserved for later genetic analysis. According to the literature, 

larvae that were prepupae or in the process of pupating become less responsive and cease feeding 

as their metamorphosis progresses (Keena 2017). When colony larvae pupated, they were kept in 

their glass diet containers to provide critical humidity for their successful pupation. Keeping 
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them in conditions where the humidity is 90% RH allows the beetles to shed their larval and 

pupal skins properly (Keena 2017). We kept a subset of these pre-pupae in a 10 °C chiller in 

order to determine if temperature could be a factor in encouraging pupation, however, we have 

not yet found it to make a substantial difference. Initially, after adults emerged from their pupal 

case, we moved them to individual dry dark boxes for four days to fully sclerotize before being 

considered mature, as advised by Keena’s (2005) report on A. glabripennis rearing, however we 

have not found that to make a significant difference in the survivorship of the adults. 

        We placed all split wood in large plastic bins to observe over time for emergence, as some 

larvae were likely missed in initial extraction. All emerged adults moved to the colony were 

placed individually in 473.18 milliliter glass jars. We provided locally sourced kukui twigs for 

food and a water source to the beetles which was replaced weekly. We checked the wood bins 

twice a week for QLB emergence. We tracked the emergence dates, sexual maturation dates, and 

if the beetle was sourced from a trap or wood. After 3 weeks of being maintained in the colony, 

we processed individual beetles for mating in a separate 3.79 liter glass container. 

Insect Morphology and Phenology 

         One of the issues we encountered early in our colony establishment process was 

appropriately pairing males and females together. Though males typically have longer antennae 

than the females, this could vary relative to their size, and there were instances of us receiving 

individuals with missing or damaged antennae. We were able to identify a visible difference 

between the sexes when looking at their abdominal structure. Male and female specimens were 

placed under a dissecting microscope and photographs were taken of the structures (Fig. 2). 
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Figure 2. Abdominal differences between male (A) and female (B) Acalolepta aesthetica. Male QLB (A): Newly 
deceased. Note the folded up wings in between the abdomen and the carapace. Abdominal variation includes the 
lack of a pronounced tip. “V” shape tip is slightly out of focus but excess bristle can be seen. Slight tip extending 
beyond the “V” hints at the presence of an aedeagus. Female QLB (B): Newly deceased. Note the folded up wings 
between the abdomen and the carapace. Abdominal variation includes the prominent tip that may indicate the 
presence of an ovipositor. The tip extends beyond the length of the carapace.Photos by Marc Hughes. 
 

      Once we gained confidence in our sexing of the adults we established multiple breeding 

pairs, allowing them enough time in our breeding chambers for the female to oviposit into the 

kukui wood bolts that we provide. We then keep those bolts in bins until evidence of larvae is 

apparent, i.e. frass or girdling (Fig. 3).  

A B 
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Figure 3. Kukui bolt that has been oviposited into by a female QLB in the USDA ARS PBARC breeding colony.  
 
Geographic Distribution on Hawai‘i Island 

      We also wanted to create a way to effectively measure the Acalolepta aesthetica distribution 

throughout Hawai‘i Island. We did this by disseminating a publicly available reporter tool 

electronically to members of the community. The QLB Reporter Tool is an ArcGIS Intake Form 

that requests information on the date a beetle was observed, the observer, contact information, 

severity of infestation, life stage observed, agency the beetle was submitted to if applicable, host 

plants, photographs, and the location the beetle was found. The information provided was 

collected and uploaded onto a map of Hawai‘i Island, where reports of beetles are visualized 

(Figs. 4 and 5). The QLB Reporter Tool is hosted by USDA-ARS and is found at 

https://arcg.is/0W8bf1. 



 12 

 
Figure 4. Map of Hawai‘i island. Each dot represents a report, and the photo sent was used to identify the beetles to 
species. Map generated by Jason Dzurisin. 
 

 
Figure 5. Map of East Hawai‘i island. Each dot represents a report, and the photo sent was used to identify the 
beetles to species. Of note is the general dispersal in Puna, with only two reports in Hilo. Map generated by Jason 
Dzurisin. 
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Population Genetic Analysis 

     We performed genetic analysis on larvae and adults that were not used for colony purposes. 

Individuals were documented, flash frozen in liquid nitrogen and kept in a -80℃ freezer until 

they were ready for sequencing. To prepare the specimen, we homogenized tissue using a 

GenoGrinder and grinding beads. After homogenizing the tissue, we mixed the solution 

thoroughly and placed it in a 37℃ water bath overnight. 

      Following homogenization and incubation, we extracted the DNA using the KingFisher Flex 

machine. The DNA extraction process was automated and lasted for a duration of approximately 

one hour. After the extraction was complete, we stored the eluted sample at 4℃ to prevent 

degradation. If necessary, we checked the DNA via gel electrophoresis to check for residual 

RNA and determine if enough sample was present for further processing. 

         We performed polymerase chain reaction (PCR) on our DNA sample by combining 

polymerase, nuclease-free water, LCO primer, HCO primer and 1 µL of our sample. We then use 

a thermal cycler which is a laboratory machine designed to heat and cool samples in repetitive 

cycles in order to facilitate amplification of our DNA fragments of interest. We analyzed these 

PCR amplicons via gel electrophoresis to determine the presence of amplified CO1 sequences.   

      We cleaned these PCR amplicons using AMPure magnetic beads either manually by hand or 

automatically via Kingfisher before sending the sample out for sequencing. We test the resulting 

product from this via gel electrophoresis or Qubit analysis to confirm that a satisfactory 

concentration of DNA is present for sequencing. We send CO1 sequences to Operon Eurofins for 

Sanger sequencing, and the results are typically sent back electronically within a few days. 

      We downloaded sequences from Operon Eurofins website and uploaded them to Geneious 

for analysis. All samples retained for further analysis were run through NCBI BLAST to 

properly match our species to published sequences. However, Acalolepta aesthetica sequences 

were not available for comparison in NCBI, so other Acalolepta species and closely related 

beetles such as Monochamus sutor were used to positively identify our species.  

      We then uploaded a FASTA file containing the sequences to R Studio in order to generate a 

haplotype network of Acalolepta aesthetica beetles in Hawai‘i. We made this file by aligning 

each sequence together, trimming the sequences to be the same length, and editing low quality 

sections if the correct base pairs could be discerned manually from the chromatograms. We used 
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R Studio to determine the number of haplotypes present for Acalolepta aesthetica individuals. 

We found was no haplotype diversity within the species, which tells us that there was likely a 

single introduction of the beetle onto the island.  

Susceptibility to Beauveria bassiana 

      We also wanted to explore the possibility of using a biological control agent on this beetle. 

We chose to pursue Beauveria bassiana. This is a biological pesticide that uses an insect 

infecting fungus which can kill an adult or larva (Figure 6). This is used on Hawai‘i island  to 

control coffee berry borer, but as of very recently was not labeled for QLB, and thus it would 

represent an off-labeled use of the product. However, we are now in the process of including it 

on the label, so this represents a potential future avenue of research. This process of changing the 

label is due to the collaborative work between multiple agencies as well as the manufacturer of 

commercial Beauveria bassiana. 

 

  
Figure 6. Characteristic signs of Beauveria infection in both an adult (A) and larva (B). 
 

Outreach and Logistics 

      We also performed outreach to farmers and landowners in order to train them on proper 

trapping and collection protocols. This allowed them to not only actively protect their crops, but 

feel supported by the government in this fight against these pests.  

A B 
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     In addition to my work in the lab, I managed the procurement of resources for the beetles, 

including primers, diet materials, and housing materials, which required keeping meticulous 

records of the quantities on hand of each of these products.  

Discussion 
     Being able to characterize the initial introduction of an invasive species has far reaching 

impacts related to conservation biology. While many of the earliest reports of A. aesthetica 

infestation were focused on introduced agricultural crops, we suspect through the generalist 

nature of this pest that it could have the potential for impacting native tree species as well. We 

will be exploring this possibility through our surveying and trapping methods. Identifying 

potential chemical attractants through our trapping studies will allow us to communicate this 

information with farmers, giving them an effective tool to potentially contain their infestations.      

Additionally, being able to maintain a laboratory colony of beetles at different life stages will 

give us the ability to continuously perform behavioral and ecological assays. We currently have 

approximately 40 larvae at different instars on artificial diet as well as 6 adults. This will give us 

the opportunity to gather a greater breadth of knowledge in an expedited timeframe, as opposed 

to relying solely on live samples obtained from the wild.  

     Our population genetic analysis has shown us that the beetles we have sampled have no 

haplotype diversity at the marker we chose to investigate. This lack of diversity is in stark 

contrast to the genetic diversity of other longhorn species in Hawai‘i, which display variation at 

that marker. What this tells us is there was likely a single introduction to Hawai‘i, where a single 

female oviposited into wood, the wood was brought here, and multiple beetles emerged from 

that. These beetles then went on to become the foundation of our local population. 

Understanding this lack of diversity could provide us with a powerful tool when exploring 

control measures in the future, particularly when exploring what chemical or biological control 

agents these beetles are susceptible to. In a review of 80 different species of fungi, animals, and 

plants, the overall trend found was that introduced populations suffered significant losses of both 

heterozygosity and allelic richness (Dlugosch & Parker 2008). This has direct implications for 

invasive species such as A. aesthetica, as it can be assumed that the genetic diversity of the 

whole species was not present in the introduced individuals upon their arrival to Hawai'i, which 

would lead to losses as observed in the Dlugosch and Parker review. Despite these losses of 
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genetic diversity, many introduced species become successful invaders, as we can see in the case 

of this beetle, and populations with diminished genetic diversity often show the ability to evolve 

rapidly within their new environment (Dlugosch & Parker 2008). The invasion success of species 

has been tied to their ability to respond to natural selection, which heavily relies on genetic 

diversity allowing for the development of evolutionary adaptations, and in some cases speciation. 

According to theoretical models, the process of speciation can accelerate due to even weak 

selection for local adaptation (Lee 2002). In a study of stick insect populations placed on native 

and novel host plants, host-associated selection contributed to allele frequency changes at 

multiple genetic loci, indicating that newly introduced populations can still have enough genetic 

variation to quickly adapt to a novel environment (Gompert et al. 2014). These conditions may 

apply to A. aesthetica, and would suggest the possibility of genetic divergence in response to 

host-plant preference differences from their native range, which is why identifying which species 

of trees serve as hosts is critically important.  

     As we couldn’t accurately measure the dispersal of this beetle through genetic methods, the 

development of our publicly available reporter tool was critical to our understanding of their 

distribution. What we have found so far is low dispersal, with infestations being reported almost 

exclusively in Puna with only two individuals being reported in Hilo. This also indicates that 

their dispersal is likely human mediated through the movement of wood. Future avenues of 

research may include surveying areas near green waste transfer stations as well as the 

communication of appropriate wood disposal methods to the community. Utilizing citizen 

science has also allowed us to establish a mutually beneficial relationship with a variety of 

farmers and property owners, which establishes trust and open communication.  

     Currently, farmers across east Hawai‘i island are  negatively impacted by A. aesthetica 

infestations. The adult females oviposit into tree wood, and when the eggs hatch into larvae they 

consume the wood. This damages the tree greatly, often to the point of killing the entire limb. 

We have found larvae in citrus, cacao, kukui, and palms so far, meaning many different types of 

farms are being impacted. These farms are often a significant source of income to the farmers, so 

losing multiple trees, and thus their crop, can have serious financial impacts. Finding that A. 

aesthetica is susceptible to Beauveria bassiana has the potential to positively impact farmers in a 

significant way. As it is labeled for use in Hawai‘i, farmers and landowners will have access to it 

on a much shorter timescale than something that has not previously been used here, which could 
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allow them to not only protect their own crops, but to prevent further infestation into neighboring 

areas. As with any invasive species, time is of the essence in controlling this pest and limiting 

dispersal. Characterizing the A. aesthetica invasion in Hawai‘i will be the first step towards 

mitigating the effects this beetle has on our island, and preventing similar invasions in the future. 
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